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Abstract of JP2002214591 

PROBLEM TO BE SOLVED: To provide a space 
light modulator SLM which consists of a cell filled 
with a liquid crystal LG based substance. 
SOLUTION: The liquid crystal LG based 
substance has the diffusion characteristics 
varying with an electric field of the cell, and can 
build inside the cell the electric field capable of 
modulating a continuous spectrum from optical 
signals in the cell by using two or more 
electrodes in direct vicinity of the cell. The pass 
band wavelengths of the continuous spectrum 
are respectively different and the transmission 
through the cell of the different regions is 
required. The different regions correspond to the 
values of the diffusion amplitude so as to 
modulate the pass band of the different 
wavelengths. An SLM 1 1 is used to build a 
dynamic spectrum equalizer. The dynamic 
spectrum equalizer contains a spectrum 
dispersive element 23 placed on an optical path 
of the incident light beam. The spectrum 
dispersive element continuously spreads the 
incident light beam onto the SLM so that 
respectively different wavelengths of the incident 
light beam are converged or projected toward 
different spatial regions of the SLM. 
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I.Titleoflnvention 

Dynamic spatial equalizer based on a spatial light modulator 
2 . C 1 a i ms 

1 . Spatial light modulator comprising a planar cell filled with a liquid 
crystal based substance having a variable scattering property with re- 
spect to an electric field, and at least two electrodes enclosing said pla- 
nar cell from each side of its plane to apply a voltage on said liquid 
crystal, 

characterized in that 

said applied voltage is non-uniform in space. implying an electric field 
inside said ceil with a variable spatial distribution olong said plane 
adapted for the modulation of at least a pass band comprising at least 
a wavelength at which on optical signal is transmitted through said cell, 
while said modulation taking the form of a variable attenuation. 

2. Spatial light modulator according to claim 1, characterized in that said 
variable spatial distribution is adapted for the modulation of at least two 
different pass bonds comprising each at least a respective wavelength at 
which optical signals are transmitted through said cell respectively at two 
different regions along said plane. 

3. Spatial light modulator according to claim 1, characterized in that at 
least on one side of said pic z said electrode is divided into a plurality 
of adjacent electrodes giving rise to said variable spatial distribution 
adapted to modulate a continuous spectrum containing a number of 
different pass bands, while nt least *ew of them comprise at least a re- 
spective wovelength at which optical signals are transmitted through 
said cell at a different region along soid plane for each of these respec- 
tive different wavelengths. 
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4. Spatial light modulator according to claim 3, characterized In thai said 
plurality of adjacent electrodes are controlled independently with a vari- 
able voltage allowing to adapt said spatial light modulator to a change 
of optical properties of said incident light beam. 

5. Spatial light modulator according to claim 2 to 4, characterized in that 
said modulation acts as a variable attenuator by flattening or equalizing 
said pass band comprising at least said respective wavelength. 

6. Spatial light modulator according to claim 1, characterized in that said 
electrode being at the rear of said cell with respect to incident optical 
signals comprises a reflective plane for said incident optical signals, 

7. Spatial light modulator according to claim 1, characterized in that said 
liquid crystal based substance filling said cell is made of a suspension of 
liquid crystal droplets generally nematic but possibly chiral, in a host 
medium generally polymer. 

8. Spatial light modulator according to claim 2 and 7, characterized in that 
said droplets are of an average size comparable or smaller then said 
wavelength at which an optical signal is transmitted through said cell 
such that said droplets act as scatters when their liquid crystal director 
axes are not aligned with the propagation axes of said wavelength. 

9. Dynamic spectral equalizer comprising an optical input for an incident 
light beam consisting of optical signals transmitted via at least a wave- 
length, on optical output for collecting a resulting light beam, 
characterized in that 

said dynamic spectral equalizer comprises further a spatial light modu- 
lator according to claim 1 on which said incident light beam is focused 
or imaged and out of which said resulting light beam is collected. 

10. Dynamic spectral equalizer according to claim 9, characterized in that 
it comprises further a spectral dispersive element on an optical path of 
said incident light beam such that said spectral dispersive element 
spread continuously said incident light beam onto said spatial light 
modulator such that at least eoch different wavelength present in said 
incident light beam are focused or imaged towards a different spatial 
region of said spatial light modulator. 

n. Dynamic spectral equalizer according to claim 10, characterized in that 
the direction of propagation of each different wavelength when reach- 
ing said spatial light modulator are almost perpendicular to it such that 
latter is almost polarization independent. 




(11) #132 0 0 2-2 1459 1 

12. Dynamic spectral equalizer according to claim 1 1, characterized in that 
the focus or image of each different wavelength when reaching said 
spatial light modulator is adapted to give rise of a spot size of at least 
several times bigger than the average size of the liquid crystal droplets 
according to claim 8 such that said spatial light modulator is almost 
polarization independent. 

13. Dynamic spectral equalizer according to claim 9, characterized in that 
said spatial light modulator is used in reflectbn mode such that said in- 
cident light beam will be transmitted through said cell twice before be- 
ing collected as said resulting light beam. 

14. Dynamic spectral equalizer according to claim 9, characterized in that 
said optical input and output are given by at least an optical fiber. 

1 S.Telecom munications device 
characterizedby 

incorporating a dynamic spectral equolizer according to claim 9 . 
3. Detailed Description of Invention 

The present invention relates to a spatial light modulator as set forth in the 
preamble of claim 1, a dynamic spectral equalizer as set forth in the pre- 
amble of claim 9 and a telecommunications device. 

Optical communication systems employing optical fibers have been rapidly 
put into practice because of the large capacity of information which can be 
transmitted through it at a very high speed. Specially for inter-continental 
transmission, optical fibers were used in building undersea networks al- 
ready few decades ago. But the ever growing popularity of telecommunica- 
tions e.g. on the Internet and a price dumping for telecommunications due 
to a liberalization of this economical sector end up of a need to increase 
substantially the telecommunications trdnsmission possibilities without im- 
plying to high cost. The use of a technique called wavelength division mul- 
tiplexing (WDM) shall be very promising since it permits to transmit in al- 
ready lay down optical fibers, optical signals at multiple different wave- 
lengths (mcie then 50 in a same optical fiber). As before, it is necessary to 
use from time to time (e.g. every 100km depending on several parameters) 
amplifiers like transponders for those optical signals. Many amplifiers will 
have to be used now for a high number of different wavelengths. These 
amplifiers are then concatenated which harden the condition of an accept- 
able spectral bandwidth. 
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To verify such condition^ a spedral equalizotion must be performed on the 
different transmitted wavelengths. When only few different wavelengths are 
used a passive spectral equalization may be sufficient. In US6.084,695 is 
disclosed an example of passive spectral equalization based on the use of a 
filter like a Fabry-Perot filter, little selective (or Fizeau filter). Such filter is 
used in combination of a multiplexer while different wavelengths are trans- 
mitted through different input fibers. Each of these input fibers have then 
their ends located on an end plane. The multiplexer comprises a dispersing 
element or grating, a collimating optical element, a reflector system and 
produces an output beam collected by an output fiber. The reflector system 
is an adjustment element whose orientation enables the centering of the 
luminous beams with respect to the wavelengths considered on the ele- 
mentary pass bands. The spectral equalization is performed here in order 
to bring each of these pass bands having a moximum closer to a rectan- 
gular shope. The filter is additionally placed to act on each of them such 
that the period of its transmission spectrum is equal to that of the central 
wavelengths of the elementary bonds of the multiplexer. This filter, can be 
accommodated in a superimposition region of the different wavelengths 
and will act on each of them in a same way. 

However, as wovelength division multiplexed optical transmission systems 
begin to be deployed commercially, the need for active management of 
spectral gain is increasingly important. Indeed, individual channel powers 
comprising at least a respective different wavelength may vary over time. 
Furthermore, the gain spectrum varies with dynamical load. In 
WO98/06192.is disclosed a technique for active management of the spec- 
tral gain, based on a polarization^insensitive diffractive ferroelectric liquid 
crystal (FLC) in— line filter. It is made of a reconfiguroble holographic filter 
arranged along an optical path between the optical inputs and the optical 
outputs. The equalization is based here on a spatial deflection such th • the 
hologrbm will reshape the propagated beam correspondingly. The holo- 
graphic filter comprises a FLC pixelloted spatial light modulator (SLM) dis- 
playing dynamic holograms in conjunction with a fixed binary-phase high 
spatial frequency grating. The reconfiguration of the holographic filter is 
achieved in combination with processing means storing data on a number 
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of predetermined holograms. Latter provide signal power equalization for a 
number of optical signals of predetermined different wavelengths. The ac- 
tive management disclosed in WO9a/06192 is limited to these predeter- 
mined holograms defined for predetermined wavelengths. It cannot be suc- 
cessfully applied when □ shift or a change of few or all of the wavelengths 
occurs. But this is just what becomes increasingly importont with the actual 
high number of different wavelengths used simultaneously for the transmis- 
sion of optical signals under WDM. 

It is an object of the present invention to provide a dynamic spectral equal- 
izer with a high dispersive capacity and applicable for optical signals made 
of a variable number of different wavelengths while being almost polariza- 
tion and temperature independent. 

This object is attained by a spatial light modulator as claimed in claim 1, a 
dynamic spatial equalizer and a telecommunications device as claimed re- 
spectively in claim 9 and 15. 

It is taken advantage of the use of a spatial light modulotor (SLM) made of 
a cell filled with a liquid crystal (LC) based substance having a variable 
scattering property with respect to the amplitude of an electric field present 
in that cell. In a paper from K. Takizawa et oL, Applied Optics, Vol. 37, pp 
3181-3189, 1998, is disclosed a polarization independent optical fiber 
modulator mode of polymer-dispersed liquid crystals (PDLC). This PDLC 
materials has LC droplets of several micrometers or less in diameter dis- 
persed within the polymer. By controlling the difference between the refrac- 
tive indices of the LC droplets and tt)e surrounding polymer, the state of the 
PDLC can be varied continuously from opaque to transparent. When no 
electric field is applied to this modulator, the LC molecules face different 
directions for each droplet. An optical beam that is transmitted through said 
modulator, will be strongly scattered. This reduces substantially the power 
of light that propagates, causing the modulator to be in an off state. Ap- 
plying an adequately large electric f^eld to the PDLC causes the LC mole- 
cules to be arranged in the direction of the electric field. Then, both the 
polymer and the LC droplets show nearly the same refractive index. In this 
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case, the optical beam that propagates through said modulator is straight 
without scatter. Since such modulator is based on the light-scattering effect 
of the PDLC, it can be used to modulate on optical beam without depend- 
ing on polarization. 

In the present invention it is now a non uniform electric field which is op- 
plied on a cell filled with a similar LC based substance. In such a way. it .s 
then take advantage of the variable scattering property {loss) of said sub- 
stance to build a variable attenuator. Latter will then be adopted for a 
shaping of the transmission loss of a pass band comprising at least a 
wavelength at which an optical signal is transmitted through said cell e.g. 
by flaHening or equolizing said pass bond. By using a plurolity of electrodes 
in the direct vicinity of said cell, it is then possible to build an electnc feld 
inside it which will permit advantageously to modulate a continuous spec- 
trum from optical signals transmitted through said cell. For that, the drffer- 
ent pass bands present in said continuous spectrum while at least few of 
them comprise at least a respective different wavelength will have to be 
transmitted through said cell at different regions. Latter will correspond to 
different values of the amplitude of scattering such to be adapted to 
modulate the pass bands of different wavelengths. 

Such SIM is favorably used to build a dynamic spectral equolizer according 
to the present invention. Latter contains a spectral dispersive element 
placed on an optical path of an incident light beam. This spectral d.spers.ve 
element will advontageously spread continuously said inddent l.ght beam 
onto said SIM such that at least each different wavelength present .n said 
incident light beam ore focused or imaged towards o different spatial re- 
gion of said SLM. Since the plurality of electrodes with which an eleanc 
field is applied to the cell of said SLM con be controlled independently, it 
will be possible to adapt in real time the modulation ->f the continuous 
spectrum to a shift or even a drop of some or addition of few new wave- 
lengths present in the light beam. 
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Furiher advantogeous features of the present invention ore defined in the 
dependent claims and will become apparent from the following description 
and the drawing. 

One embodiment of the invention will now be explained in more detail with 
reference to the accompanying drawing. 



A spatial light modulafor (SLM) according to tr.e present invention is mode 
up of a cell filled with a liquid crystal (LC) based .substance. Latter has a 
variable scattering property with respect to an electric field present in the 
cell As shown in figures 1, 2 and 4, said LC based substance consists of LC 
droplets 3, 3a, 3b (generally nemotic, but possibly chiral) in a host medium 
4 (generolly a polymer) confined in said cell 1 made advantageously pla- 
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nor .n .he d,..d V.clnHy or. placed eledrede. 2. '-'^J^"^ '"^^^.f,' 
TJL^ vol»ge «hich give. r,« ,o sold elecrtc « ....de «,e celH . 

,he IC dl,ec,or o«e, w«n o drople, ore de,e™n«l by -he polymer-LC 
Lcioo o. ,he drople, boundo.. Fo, intl 

den. ligN 6 will be scolte^d mony .in,e, before emerging 7o fc^T *e ce» 

..ronO conce„fro«o„ o, H,, dropleh. By confrolling «.e d."""-;^; 

^1 ,efra*e indices of .he LC-dropNs o,^ ""'TtTrtly 
J- 4\ with resoeci of an app ied voltage (see fig. 1 b), the poiy 
(hosi med.un, 4 w th^^^^^^ be varied continuously from opaque to 

polorisers, by selecting non-scattenng rays 7b from the light 



through said cell. 



on fia 2a and 2b are shown a similar cell 1 of a spatial light modulator 
On tig. la ana neaotive dielectric anisotropy, 

as before but now using a nemotic LC with a negorive a 
rnne the whole is in an homoetropic configuration. In this cose, the LC. 

Any opplied voltage v.ill make the cell 1 more or less opoque (s. fig. 2o). 
tial distribut on along its plane, ihis is men uu h 

:l Bnnd — . -e- ;z^:zzx^^ 
r.r":r::"iie:;en...or b, ..o... .,.01.^, soid 



pass band 
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eoch o distribution adopted 1o modubte o 

bands, while at least few of them con,pr.se at least a rejc 

ot which optica, sionois a. ^^^Tu be 

thot each pass band compns.ng o d.fferent wovel g 
modulated are to be transmitted through the cell 1 at a d 
spending region along the plane. 

Itodss 2a, 2b Poro'W o"' " " y"' °„:„ ,«„ j such distri- 
„um mad. of a ounb.r of diffren. po« bands. 

„ , .s.„«o, . ... con., of , be rd'^r* 

rC.r:ran,.o.*pe.on„.cMs»n^^^^^^ 

te:.r::nr:cbn::di:Ma.,oLs,.— ^ 

»u cilM will be almost polarization independent. Purtnernno , 

way, the used SIM will De aimo h jixferent wavelength on said 

, preferable that the focus or -oge of each ^j^-^ / 
SLM is adapted to give nse ^J^^^^ ,.„.,ons 
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transmission loss). 

u ■ onH noi least the cost of such dynonnic spectral equal- 

,ionol view of an .mbod.^n, <rf so* P .ij^side. 
Brtween .hem «. Iwo .1.0rod.s 2. 8 wMe 

9. w.. ... 1. 

6 will first come through the first electroa afterwards, the inci- 

be made advantageously of Ind-um T^n Ox.de TO) ^^^^^^^^ 
dent light beam 6 will be modolated by the P^LC 9 beto g 
by the second electrode 8 mode of o ^"^^^"^^f^; ^,,,,3 be 
light beam reflected by said planar reflecting Sl>A 11 w.« tn 
transmitted twice through the PDLC 9. 

ness. On fig. 6 to d are ^i. ^,>.t:nn 23 24 as well as 

beam. For efficiency a thick grating or ^ 
able, in oddilion, the Bragg selectivity of the such grat.ng can 
block parasitic PDLC back-scattering. 

A diverging incident light beam zo propagation 

1 9-5 nloced on an opticol axis 25 parallel lo ine p k a 
reaches a lens 22 placed ^.^^^^,^3 js transmitted through a 

direction of said light beam 26. Aflemards, 

« 9-^ here a WDM dmux before reaching said 5LM M • 
grating 2.i Here a wi./.>» « „nrll vrill reach the 

L 2, end ... ,r.in. 23 .wo - 
SIM 11 at different spatial regions. The spot sire 
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>(/,„ wh.r= ( i= Ih. focal di.lanc, ». is Ih. «> *» origin h,™ ol 
r^p'. bir 2,b. Since .ho 1. is o rofleCing one, .he ,r,nsn„«ed 

is-r.or:::: iiu. ..o .... - 

.u nyis 25 The angular chromalism will be balanced 

eZded co» Tme o.,.P- filler. In such o wo,, .he convergence cond,- 
tions are not that high- 

B, 7 on o,.e™«» tr^lV^dtr 'i-LlTdil^ 

■"trh::^ro:re;or.LT:r:g^;rs^^ 

:;%tr:.roC:o;d°o%r:i\. o. d«e.n. ..^^^^^^^ 
;:Ld h, i., .he d«..en, --;^^::::,:^tx,^z 

grating 23 and the two same lenses 22a and 22b betore 
namic spectral equalizer through the same fiber 21 . 

on f.g 8 is represented a dynamic spectral equalizer also in the imaging 
^^n Tig. o . r- r , . j ^ x cirr^ilnr to the case shown in fig. /, a 

Tng slightly shi.ed with respect to the fiber 2 1 . In compoHson to the case 
before (fig. 7) a clear gain in compactness is achieved. 
,n both imaging configuration shown on fig. 7 and 8, the spot size w|ll be 
iod to ol !here G is an od.ustable magnification factor equal to the 
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* 1 MUtonce ratio Typical values for all three configurations (fig. 6-8) for 
To^Z oZ L^^^^ be.ee. two different wovelengtHs ot wh.h 
tpticli signals in WDM ore transmitted) ore for the spot s.ze obout lO.m 
and focal distances of about 5cm. 

- T.r^rX"::^-:^ ------- 

■H^ m WDM technique are very close each other, hjrtnermore, 
namic spedrol equoli.er according to the present .nvent,on. 

which optical signals are sent in an optimized way. 
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4. Brief Description of Drawings 

Fig.l a and b are schematic cross sectional views of a cell from a spatial 
light modulator according to the present invention . 

Fig 2 a and b are schematic cross sectional views of a cell according to 
fig.l with an alternative liquid crystal based substance. 
Fig. 3 is a front view of an embodiment of an electrode of the cell accord- 
ing to the present invention. 

Fig. 4 is a perspective view of an electric field distribution inside the cell 
v/hen using an electrode according to figure 3. 

Fig 5 is a cross sectional view of a cell from a spatial light modulator used 
in reflection mode according to the present .nvention. 

Fig 6 is a representotion of the optical diagram of a dynamic spectral 
equalizer in a Fourier configuration according to the present invenfon. 
Fie 7 is a representotion of the optical diagram of a dynamic spectral 
equalizer in an imaging configuration according to the present .nvent.on. 
Fig 8 is a representation of the optical diagram of a dynamic spectral 
equalizer in a folded imaging configuration according to the present .nven. 
tion. 
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1 . Abstract 

A spatial light modulator (SIM) is mode up of a cdl filled with a liquid. 
crysLl (LC) based sobstonce. Latter has c varioble scoHenng properV w.th 
respect to an electric field present in the cell. By using a plurality of elec- 
trodes in the direct vicinity of said cell, it is then possible to bu.ld on electr.c 
field inside it which will permit advantogeously to modulate ^ -nt.u^^^^^^ 
spectrum from optical signals transmitted through said cell The drfferen^ 
pass bonds present in scid continuous spectrum while at least few of them 
comprise at least a respective different wavelength will have to be transmu- 
ted through said cell at different regions. Latter will correspond to d,f^erent 
values of the amplitude of scaHering such to be adapted to modulate the 
respective different pass bands. Such SLM is used to build a dynamic spec- 
tral equalizer. LaHer contains a spectral dispersive element placed on an 
optical path of an incident light beam. This spectral dispersive element w.l 
:;Ldltinuously said inddent light beam onto said SLM such that at 
least each drfferent wavelength present in said incident light beam are fo- 
cused or imaged towards a different spatial region of so.d SLM. 



2. Representative 
Fig. 4 
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^mf^%^m^ (SLM) ^fJjffl-r-Sffi'i^.^J^o. Ap 
Plied Optics. 1 9 98^Vol. 3 7. 
3 1 8 1-3 1 8 ^^-V^tiCnm^tifcK, Ta k i z 

awa (MiRats) mc^^bm^xu. -m^i-^^^ 

^(PDLG: polymer-di spersed 
30 liquid crystal) t^htx^m^^U^ 

yr^^'^^m^-f)^m^s^nx\.^^^ ccdpdlc^m 
u.. M^i-^xj;^^\^fcmmk'7^^n^-^]^A^(Dh 

m\.^^mmr^ct^cx-yx. PDLC(Dt^.^^:^3iit 
3&^e>^t^m^e<j^^^t?ii-5ci;^5r#^, mm 

(Dm.^^^hxm^ui^]^^n^>x\.^^^ frs^i^g* 

mhxmm^n^%\:^-Mt^-:)i^iiM'^n^. ccoc 

^t. LC^&JmiS<D^f^CC^?tJT^o ^X\.^X. 

(om^. mn^^ms^mux&msti^^vf-Aftm^ 

nM(tcm^i.>xi,>^(Dx. cruit. mytifCiti^thct 
rj:<%b^'-A^^m'r^fc^(^mmr^cti)^x^6. 

[ 0 0 0 8 ] *^Bjrii. -:>^^cmc^^rj:LC-<-7. 

(O^WXMfc^nfc-\2)V(tCm^fbtl^(D{ti^—XUtj:l> 

mmx$>^. 't<DJz'?rj:'^K>yjx:j^\.^x\ mn^^mo'oj 

50 mL^m^ m^) (Dmj^.^mmux'^mms^mm 



[0 00 9] ^OD^^J^cCS LM(i. ^I^B^^Ci^^z'-f :^ 
hJL'^tJjxU'^> h;^$tf„ C(D:^^^ hJ\y^^ 

^n^n^j^jr^iSS:^^. stria sLM©M;^j:-s^ra^j^ic 

[0010] ^mM(D^^(^cmmfj:nmtir^mm^mx 
[0 0 1 n ^^^*^?g<^-*ife?B.®*8§#0ffiii 

[0012] 

mm<omm<Dmm] :^mM(iC^:Bmpi\~mmm (sl 

M) {tii&^ (LC) -<-X(7)f^®ril/c^n/c-fe;W:^6 

-c;!frii-2)o f^#t^. '^Ji'ffC^&'r^mmifcmMLx^ 
x{'j^ibnfcmu'^ji'i(tcmci^^^tifc^mi^4 (mm 
s@2t3:ifi^^cgag$nrii^o f^^^s-^^nort 

[0013] ©^rt(Z)LCCD3E$4{i5S^O^^r<D]«^ 
LCCDi#«. SI a (:t:7:7^-;UKtfc«) 

bx\,>^j:^^cmm:^^±<imt:>^xi^r£i,^m^. a^j^^ 
6^^3 a^r{^<h^^^>^A^c^a!lUrl^'5o lc 

&^3 a i^«:4ra<Djg«(Z:) 5^-7:^5^ 



it#li2 0 0 2-2 14 59 1 
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1 O-^w'^n^-^) :?&55S-^(OA#^ (0. S-l-v'-/ 

(01b#M) iifctCLCSi^-CDS^r^iJSOcDiiJ^ 
-^r. ]S^T^t5®LC (PDLC) Ot^ftg^^aitJ^^ 

r^m^^mmwL^m b^m^r^ctiiC^-^x^ 

[0 0 1 4 ] 02 a;foJ:C/2 bT». o^fccn^ri 

isi^io^K7ic^ii^cD-fe;i'i'c^^;{;5^ -^(ommwm.-^ 

i^ft^^T^-tx ha^^fc*^^ (homoet rop i c) 
«^r*>6 4>cD^^Lri=^^o acorns. LC5Kt^3b 
^r^RH. •rJ^cCt>"^mii;&5>^j:c^ttM (02 

J&^ti^MiitC^C'S (02 a) o 

?'j:#^CDmS2 ^ilJR-r -5 <?: ^ . tuia'fe;b 1 rtSRcDmiS 

[0016] :$^?g<DEEgAj:a^ti^-6r)y^r-.;, r^^r. 
3(DiEmmxmLXi.>^J:^(fC^ '^X^>x:i>rj:< ti>l'-:> 

(omm 2 ^s^w«Dw-n u/cms 2a. 2b(tc^m^ti 

«nriftr*^. f^#«^s^l»cD«^ j^jriiia^i^^^i^c <h 

^ti'eti(omMwi^^^'^)i^i^mLx. wcc^o/cs 
[0017] 04-C«. -k^U 1 <D^H^(omm<o^^0m 

^mmtLxi.>^^ ox{tm^^j;:z/^w^mx$>K). -r 

^j:t>i^^^(Dmm2 a . 2 b o y ^cqi^fr*5„ -eu 

roz«. -€-(D<:fc^^j:*fe>'bi^3iLre3^?n'S7fetf- 
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[0018] xmyc^-A(fC^^r^m^rj:i^S:^mt^ 

cc*t or i A ^-gar * ^ c <?: ^ffiiE-r c i i>nj^. 

^'i^m<oiisLMtfcimmi>^. ^^jv i imtcr l c&^cd 

[0019} "^(Dju^U^^-^^ y^T.^^ 

sLMi KD-mMBmomsimm^^^Lxi.^^^ sl 
Ml Hj. ¥^f^cafe^"cieg$nrli'5 2-^(z>^S;^'^ 

>^Sgi 0 3&^6r#ni^o c<DrBl^e:2-o<Dm@2. 8 

-e©<fc^3^j:WJ^S*SLM 1 l^^-r-Sitf. A 30 
*f7^; l^- A 6 ^iS:*7]&cSii&(Dm 1 2 bXX 

<b!Bj ( I TO : I n d i urn Tin Oxicie)r 

SffiStCcfc-oTSftf^tlSOfPDLCQ^S-So ^J^cCt) 
BiflB¥®J5S*S LMl UCj:'orS*f$n'5A*f* 
K-- A P D L C 9 2 IhIjI-:) r fei^ $ n ^ C <h ^^C 

[0020] ^mm^^i>wmmMs lm i i <o^ 4o 

3tc*:>^/jNS!«:«di{fc-r-SC<i:*i'pItlT*-5o 06^:*^>8 
I&T23. 2 4CDt3:«>:>|^1i<DSI*SLMl l^fii^rii 

g^nri^^. te^2 3{i. JSftfTfetr-A^c^fLT&i-^ 

^U^^yu^l^iLrS&f^t-^f'v^l/^^'U^if (WDM 



0.0 2-2 1 459 1 
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u^^A7fvn^^A3&s»*oi*BrtBtt3&5*^, jtin^r. 

"^(DJ: ^ Aj:t&^<7>B r a s smVimt. «KIT-5 P D L 

[OO2 1]06{*. y-V:Lm^(D^'{i-^y{7::^-< 
^hJb>rr3^^1f:S:^Urt^^„ ^i55T^Ai**tf--A 
2 6 3J?5A;^^T -<>'>'2 l8Lf)^^m^L. S}iB3fet::-A2 
6(DeiB*l^tC^f>'j:3fe«ll2 5 0ci2g$n)^U>X2 2 
«:i'MT^o ^(Di^Cti^t. CCr^WDMdmuxr 
*'Sfe^2 S^lraore^^n. ^COf^fSIBSLMl 1 

1 l^iijaf^o CCDii^. CCD;^;^<':; ^;^t3:A f 

SLMl U^Jg^fSLMJ^jrcDT*. ^^ti^^^- 

Msit^^{t^)i^y'iy^-^tLxmiiF'r^mo^i-2 3 

^cfc-oTBSSISn. 3^ctt>55A;b:7T^^^'2 1 atDlo 
<b¥tf-c*0. fHiB$^7fe#2 5ic«or*tl*?^j:ffi:;^:7T 
>fA2 1 b©^r«i-NU>X2 2^cj:-:>r*im-r^ci5c 

[0 02 2 ] o^^cK:iJ4- f1S^(D3^-<:f 5 

h)V^::i^>(^(ORmBm^frsLXl>^. m 

n^:3fefcf-A^^-r^/cJ?)«:feffiffl$nrii^. 

^-yr^^^zi^^rnhXi^^hfc^^m^t^i^l. 

f 2CD2ocDU>X2 2a*5j:af2 2b;&^fi6ffl$ti. IS 

^2 3tD-en^n(Diiij(Z)7fe#2 5^c-e-:?rgBg$nri^ 

SLMl HCiijar^o SLMl ixmi(0'ik. 

m&\mom\:>^'=f'2 3j^j:6c>'cc2ocdihil;u>X2 2 

a*5ct:0'2 2bfCiorif^ft§n. "tmmcy r 

[0 02 3 ] ^8^J. ':>^CC»f9«tai^nytfai54- f 

2 1;&5. AM^tSj7fet'-A2 6(OC^:0^et?n/c7fetf- 
A2 7^m*T'5/c2?)(DM:6'^CffiflHStiri>^o L/*>L/ 
o^CC. m— CCU>X2 2:05. M:&i*>7feW2 5CC-eo 

So o^tcJgS^SLM«7T-^>^^*2 Uca< . ^C*57fel4 

:?^r. S#*SLM1 us. r7T-f^^*2 mLr:a>L^fi[ 
L r 4d 0 ^^Tfe A 2 6 rSI D ct ^ CC U >X 2 

2<!:tB*fLrt>So m<om^ mi) tt\Mt^t. /JN 



[0 02 5] ^^J^Ccfc^SLM (SI*^/c«-e^-C« 
[0026] C<0^'^tj:^^'r^v^:^^^ 

[01b] :^^m(ic^:B^mytm^s<D^)i^(Dmmm(o 
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[04] 0 3K:j:^m@<sefflB#<D-fe;i/rtgB<DmiS53'^T(D 
[05] *^B^Ccj:^J^^--KrffifflL/t^53l^SS 

[06 ] ^^mifCjz^By-vx.mf&o)^^^'^ V ^7s-< 
^ h ^ ^ if (D3fecc)ifen^^-r0r * ^ . 

[0.7] *^?Btcj:^!^«j?£<Z)y>f:^^ -i.^;^-;^ h 
10 ;l/ 3 ^ 1f 0D36<DSgn^7K-r 0^?* 

[??^CD^PJ] 
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